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(54) A method of treating sewage 

(57) A first holding tanic (1 ) includes a base (2) and 
a plurality of sidewalis (3) extending upwardly from the 
base to define an open top (4). An inlet pipe (5) provides 
raw sewage (6) into tank (1 ). Tank (1 ) is part of a sewage 
treatment plant comprised of a number of like sequen- 
tially interiinked tanks. Tank (1) has an average depth 
of about 1)^ metres and a surface area of about 60 hec- 



tares. After a predetermined volume of sewage and oth- 
er fluids are contained within tank (1 ) the inflow is halted 
and a number of live fish, in the form of European carp, 
are Introduced Into tank (1). The inclusion of the fish al- 
lows the conversion of the sewage into fish manure that 
progressively builds up on the bottom of the tank. More- 
over, the movement of the fish in tank 1 assists the 
processing of the sewage by aeration. 
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D scrlption 

FIELD OF THE INVENTION 

[0001] The present Invention relates to a method of 

treating sewage and a sewage treatment system. 
[0002] The invention has been developed primarily for 
use with sewage comprised of human waste and will be 
described hereinafter with reference to that application. 
However, we appreciate that the Invention Is not limited 
to that particular field of use and is also applicable to the 
processing of animal waste and other organic waste. 

BACKGROUND TO THE INVENTION 

[0003] The disposal of human and animal waste i s a 
large problem facing the worid community, partbularty 
in locations where population densities arc high. In 
some cases, It Is common practice, or at least known, 
to pump untreated or primary treated sewage Into nat- 
ural watenways or, for coastal cities, the adjacent ocean. 
Cleariy this is an undesirable and unsustainable long- 
temri solution. 

[0004] In those locations that utilise secondary and 
tertiary treatment plants for processing the sewage, 
there are ongoing issues of cost and efficiency, These 
plants are large in area, are expensive to mn, take con- 
siderable time to process the sewage, and consume 
large amounts of energy. Moreover, the Improvement or 
expansion of such plants to cater for growth in popula- 
tions is extremely capital intensive and can usually only 
be countenanced by taking a longtenn approach to see- 
ing a financial retum on that capital. 
[0005] With the increased reluctance to invest more 
capital In expansion of the treatment plants, those plants 
are usually run at or near capacity. This increases the 
risk of accidental releases of raw or partially treated 
sewage into the waterways downstream of the plant. 
That, in turn, Increases the risk of health concems for 
those using those watenvays and for the general health 
of the waterway Itself. For example, raw or partially treat- 
ed sewage is thought to contribute to algae blooms and 
other undesirable effects in river systems. In other cas- 
es, untreated or partially treated sewage is thought to 
contribute to increased rates of illness amongst beach 
goers. 

[0006] Any discussion of the prior art throughout the 
specification should in no way be considered as an ad- 
mission that such prior art is widely known or forms part 
of common general knowledge In the field. 

DISCLOSURE OF THE INVENTION 

[0007] It is an object of the present invention, at least 
In a pretended embodiment, to overcome or substantially 
ameliorate one or more of th disadvantages of th prior 
art or at least provide a us ful alternative. 
[0008] According to a first aspect of the invention 



there is provided a method for treating sewage in a fluid, 
the method including the steps of: 

locating th sewage and the fluid in a holding tank; 
5 releasing live fish into the holding tank; and 

allowing the fish to consume and othen/vise process 
the sewage whereby a layer of sediment Is fonmed 
in the tank including waste from the fish. 

10 [0009] Preferably, the method Includes the step of 
progressively providing the fluid containing sewage to 
the tank. More preferably, the method includes the step 
of providing the fluid containing sewage to the tank at a 
predetemnined rate. In some embodiments, the prede- 

is temnlned rate varies with time. 

[001 0] In a preferred fomri, the tank includes an over- 
flow path and the method includes the step of continuing 
to progressively provide the fluid containing the sewage 
into the tank so that fluid and/or sewage progresses 

20 along the overflow path. More preferably, the holding 
tank is linked to a further tank and the method includes 
the step of allowing the fluid and/or sewage that 
progresses along the overflow path to flow Into the fur- 
ther tank- Even more preferably, the method includes 

25 the step of releasing Ih/e fish Into the further tank. 

[0011] Preferably, the method includes the further 
step of removing the fluid from the tank. More preferably, 
the fluid is removed progressively overtime. Even more 
preferably the fluid is removed by evaporation. 

30 [0012] Alternatively, the fluid is removed once suffi- 
cient sewage has been processed by the fish. More pref- 
erably, the fluid is removed with any unprocessed sew- 
age. 

[0013] In a preferred form, the method includes the 
35 step of removing the layer of sediment from the tank, 
[0014] Preferably, sewage and fluid are located in a 
plurality of tanks containing respective fish, and wherein 
after a predetermined period of fluid and any remaining 
sewage are removed from those tanks and placed In 
40 other tanks containing additional live fish. 

[001 5] Preferably also, the fluid is water. More prefer- 
ably, the water is recovered from prior performances of 
the method described above. 

fpOA 6] According to a second aspect of the Invention 
^ there Is provided a sewage treatment system Including 
a plurality of interiinked holding tanks for sequentially 
receiving sewage or sewage containing additional fluid 
and for containing live fish to consume and otherwise 
process the sewage whereby a layer of sediment is 
50 formed in the tank including waste from the fish. 

[0017] According to a third aspect of the invention 
there is provided a method of producing fishmeal from 
sewage including the steps of: 

55 introducing fluid Into the sewage; 

locating th s wage and the fluid in a holding tank; 

releasing live fish Into th tank; and 

allowing the fish to consume and othenvise process 
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the sewag whereby a layer of fishmeal is formed 
in a tank comprising waste from the fish and/or the 
fish themselves. 

[0018] According to a fourth aspect of the invention 
there is provided a method for treating water containing 
sewage, the method Including the steps of: 

locating the water and sewage in a holding tank; 
releasing live fish into the holding tank; 
allowing the fish to consume and otherwise process 
the sewage whereby a layer of sediment is fomied 
in the tank including waste from the fish; 
removing the water from the tank. 

[0019] According to a sixth aspect of the Invention 
there is provided a method for producing fishmeal, the 
method including the steps of: 

locating sewage and a fluid in a holding tank; 
releasing live fish into the holding tank; 
allowing the fish to consume and otherwise process 
the sewage whereby a layer of sediment Is fornied 
in the tank including waste from the fish; and 
removing the fish from the tank and processing 
these to produce the fishmeal. 

[0020] According to a seventh aspect of the invention 
there is provided a method for producing fishmeal, the 
method including the steps of 



som embodiments the fish arc released into the tank 
simultaneously and removed from the tank progressive- 
ly. 

[0024] Preferably, the fish are European carp and the 

5 predetermined period Is about two nK>nths. More pref> 
erably, the predetermined period is about three months. 
[0025] Preferably also, the holding tank includes a 
plurality of sub-divisions through which the sewage Is 
directed and the method includes the step of releasing 

10 live fish into each sub-division and subsequently har- 
vesting the live fish from respective sub-divisions. More 
preferably, the method includes the step of sequentially 
releasing live fish into each sub-division. More prefera- 
bly, the method includes the step of harvesting the live 

IS fish from respective sub-divisions in accordance with 
the sequence of the release of the fish. 
[0026] In a preferred fonri, the method Includes the 
step of progressively directing the sewage to the tank. 
More preferably, the method includes the step of direct- 

20 ing the sewage into the tank at a predetermined rate. In 
some embodiments, the predetermined rate varies with 
time. 

[0027] According to a ninth aspect of the Invention 
there is provided a sewage treatment system including 
25 a plurality of interiinked holding tanks for recehfing sew- 
age and for containing live fish to consume and other- 
wise process the sewage. 

[0028] According to a tenth aspect of the invention 
there Is provided a method of producing fishmeal from 
30 sewage Including the steps of: 



directing the sewage Into a holding tank; 
releasing live fish into the tank; and 
allowing the fish to consume and otherwise process 
35 the sewage; 

removing the fish from the tank; 
processing the fish to provide the fishmeal. 



locating sewage and a fluid in a holding tank; 
releasing live fish into the holding tank; 
allowing the fish to consume and otherwise process 
the sewage whereby a layer of sediment Is fomied 
in the tank including waste from the fish and the fish 
themselves; 

removing the layer from the tank and processing 
this to produce the fishmeal. 

[0021] Preferably, the processing includes adding 
grains to the fishmeal. More preferably, the grains are 
cereal grains such as wheat or bariey. 
[0022] According to an eighth aspect of the invention 
there Is provided a method for treating sewage, the 
method including: 

directing the sewage Into a holding tank; 
releasing live fish Into the holding tank to consume 
and othenwise process the sewage; and 
removing the fish from the tank. 

[0023] Preferably, the fish are removed from the tank 
at a predetemnined period after being released into the 
tank. However, in other embodiments, the fish are re- 
moved from the tank wh nth y are of a predetemnined 
size or weight. More preferably, th predetemilned siz 
or weight is based upon an average size or weight. In 



[0029] Preferably, the removing of the fish from the 
40 tank occurs at a predetermined period after their release 
into the tank. More preferably, the processing of the fish 
includes: 

drying the fish to kill pathogens; 
45 segmenting the fish to fomi pieces of fish; 

combining the pieces of fish wrth additives to form 

a paste or powder, and 

extruding the paste to fomn pellets of fishmeal. 

50 [0030] Preferably also, the moisture content of the 
paste is about 10% to 15%. More preferably, the mois- 
ture content of the paste is about 11% to 1 3%. More pref- 
erably, prior to the extruding, the moisture content is var- 
ied by addition of water to the paste or powder or, alter- 

55 natively, by drying the paste or powder. 

[0031] In a preferred fonn, the pieces of fish are less 
than or about I cm^. However, in other embodiments, 
the pieces of fish are a different size and, more prefer- 
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ably, smaller. 

[0032] Preferably, the combining of the pieces of fish 
wrth the addlthfes Includes agitating the pieces of fish 
both to encourage intemningilng of the pieces with the 
additives and to further break down the pieces Into 
smaller pieces. 

[0033] Preferably also, the additives are chosen in re- 
sponse to the end use of the fishmeal. 
[0034] According to an eleventh aspect of the inven- 
tion there Is provided a method for treating water con- 
taining sewage, the method Including: 

locating the water and sewage In a holding tank; 
releasing live fish Into the holding tank; 
allowing the fish to consume and otherwise process 
the sewage; and 

removing the water from the tank. 

[0035] The term "sewage" is intended In this specifi- 
cation and claims to include animal and/or human waste 
that is of one or more of a solid, semi solid and liquid 
form. Depending upon the context, that temi also in- 
cludes the water and/or other fluid that has been added 
to the waste to facilitate its passage through a sewer 
system. In some embodiments, additional water or fluid 
Is added to the sewage while, in other embodiments, 
that is not required. For example, in the treatment of hu- 
man waste, there is usually sufficient fluid, in the fomi 
of water, already part of the sewage. That water is added 
at the source of the sewage to facilitate the progression 
of the sewage through the sewer system and to the rel- 
evant treatment site. For animal waste, such as that 
generated in piggeries, it is often necessary to add ad- 
ditional fluid, usually water, to assist in the processing 
provided by the Invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0036] Preferred embodiments of the invention will 
now be described, by way of example only, with refer- 
ence to the accompanying drawings In whteh: 

Figure 1 1s a schematic top view of two holding tanks 
for use with one embodiment of the invention; 
Figure 2 is a schemata cross section through the 
tanks of Figure 1; 

Figure 3 is a schematic top view of an alternative 
embodiment of the invention; and 
Figure 4 is a schematic view of a plant for process- 
ing the fish to produce pellets of fishmeal according 
to the invention. 

PREFERRED MODES OF CARRYING OUT THE 
INVENTION 

[0037] Referring to the drawings, a first holding tank 
1 includes a base 2 and a plurality of sidcwalls 3 extend- 
ing upwardly from the base to define an open top 4. An 
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inlet pipe 5 provides raw sewage 6 into tank 1 . While not 
shown, it will be appreciated that tank 1 is part of a sew- 
age treatment plant comprised of six like sequentially 
interiinked tanks. 

5 [0038] Tank 1 has an average depth of about 1^ me- 
tres and a surface area of about 60 hectares. 
[0039] As will be appreciated by those skilled In the 
art, the sewage contains a certain amount of fluid. In the 
form of liquid waste, as well as water to ensure the more 

10 solid matter travels through the sewerage pipes to the 
treatment plant. In some embodiments the amount of 
water contained within the sewerage is sufficient, while 
In other embodiments more water is added to dilute the 
sewage for optimum processing. This additional water 

15 Is often required to reduce the concentration of certain 
elements such as nitrogen. 

[0040] After a predetermined volume of sewage and 
otherfluids are contained within tank 1 the inflow is halt- 
ed and a number of live fish are introduced Into tank 1 . 

20 In this embodiment use Is made of European carp orthe 
like which are sufficiently robust to not only survive in 
the sewage and water mix, but are able to consume 
sewage and derive sufficient nutrients from this. That Is, ' 
the fish allow the conversion of the sewage into fish ma- 

25 nure that progressively builds up on the bottom of the 
tank. Moreover, the movement of the fish in tank 1 as- 
sists the processing of the sewage by aeration. 
[0041] European carp are also well adapted for use 
with the Invention as they can absorb oxygen from the 

30 air in the event that the oxygen content of the water is 
too low. However, it is proposed that the concentration 
of the carp should be high and the tank shallow so that 
the movement of the fish will cause agitation and oxy- 
genation of the water. 

35 [0042] With time, a layer of sediment 8 accumulates 
on base 2 comprised of the processed sewage and/or 
the fish themselves. Once sufficient material has accu- 
mulated in layer 8 the remaining water, designated by 
reference numeral 9 In Figure 2, is pumped or gravity 

^ fed to an adjacent like holding tank 1 0. Alternatively, wa- 
ter 9 Is allowed to slowly evaporate and the fish allowed 
to become incorporated into layer 8. Tanks 1 and 1 0 are 
interiinked by a valve 1 1 that Is selectively opened to 
allow the flow referred to above. 

45 [0043] Once the water Is removed the layer 8 can be 
recovered from base 2 and processed into other prod- 
ucts such as fishmeal and on sold as a stock feed sup- 
plement orthe like, it will be appreciated that as layer 8 
will be comprised of fish manure and/or the fish them- 

50 selves that far fewer subsequent processing problems 
arise than would be the case with the original sewage 
that is provided into tank 1 . 

[0044] In some embodiments layer 8 is recovered pri- 
or to removal of water 9. Moreover, in other embodi- 
es ments water 9 Is further processed in tank 1 0 by addi- 
tional fish. In Ither case, once the fish, or the layer that 
Incorporating the fish, Is removed. It is subsequently 
processed to produce fishmeal. This fishmeal is a mix 
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of the fish themselves together with other coars grains. 
[0045] It will be appreciated that the concentration of 
fish within tank 1 is high and preferably in the order of 
50 fish per cubic metre of sewage. It would be appreci- 
ated by those skilled in the art that In other embodiments 
alternative concentrations of fish are used. 
[0046] In larger applk^ations use is made of a plurality 
of holding tanks in parallel. 

[0047] In other embodiments, the fish are periodically 
harvested. In the case of European carp, the harvesting 
is for the purposes of producing f ishmeal from the carp. 
[0048] That is, the invention allows the processing of 
sewage to result in a high protein fishmeal that can be 
used to feed other fish or marine life- such as those 
fanned for human consumption. 
[0049] In some embodinTents the invention is used as 
a second stage treatment of sewage, with the prior first 
stage treatment removing about half of the solid matter 
within the sewage as well as reducing the concentration 
of nitrogen and other elements to level that will allow the 
habitation offish within the sewage. Generally, raw sew- 
age contains about 20% solids. 
[0050] In a further embodiment of the invention, the 
water and sewage is progressively feed through a se- 
quence of the tanks each of whteh contains high con- 
centrations of European carp. The water that is released 
from the last of the tanks is, in this embodiment, su'rtable 
for release back into the environment. In some embod- 
iments, however, the water requires further processing. 
This is dependent upon the nature of the sewage and 
the effectiveness of the tish in processing that sewage. 
[0051 ] The progressive flow of the water and sewage 
is maintained for a long period, presently envisaged as 
being in the order of two to four years. In this period the 
fish are harvested and replaced, as required. At the end 
of the period the fish are removed from the tanks and 
the remaining liquid being removed or allowed to dry so 
that the sediment remaining at the bottom of the tanks 
can be easily removed. This sediment is then used as 
a fertiliser or supplement for soil. 
[0052] The progressive flow of water and sewage is 
then recommenced into the tank and additional fish re- 
leased into the tank to recommence the process. 
[0053] That is, the prefen^ed embodiments of the in- 
vention offer two distinct alternatives to creating the fish- 
meal, these being: 

1 . Having a continuing flow of sewage through the 
tank and periodically harvesting the fish for 
processing into fishmeal; or 

2. Having the flow of sewage segmented and allow- 
ing the fish to incorporate into the layer on the bot- 
tom of the tank, and subsequently retrieving and 
processing that layer to provide the fishmeal. 

[0054] Reference is now mad to Rgure 3 where 
there is illustrated schematically a further mbodiment 
of the Invention. More partkxilarly, the process is com- 



menced at a hatchery 20 where fish eggs (not shown) 
of the desired species are hatched. In this example, the 
fish are common European carp, although many other 
alternatives are available. Some other species that have 
5 been found well suited to this embodiment are oriental 
carp, trench, mora rainbow fish, and black bream. 
[0055] For the common European carp, the hatch- 
lings are allowed to grow, under controlled conditions, 
into fingeriings that are about 75 mm to 100 mm long. 
At this stage, the fingeriings are moved to a growtii area 
(not shown) in hatchery 20 where they are subject to 
increased water temperatures and feed volumes to ac- 
celerate their growth until they are about 120 mm long. 
It will be appreciated that there will be a statistical vari- 
ation in length of the fingeriings at all stages and the 
abovementidned lengths are not prescriptive of Individ- 
ual animals but rather indicative of averages across a 
large sample. 

[0056] A typical time between the hatching of the eggs 
and the growth of the fingeriings to about 120 mm in 
length is about 3 months. The intention is to ensure that 
tiie fingeriings are old enough to be suffbientty robust 
to withstand the part they are to subsequently play In 
the processing of sewage, but at a point just prior to their 
major growth phase. Given this, it is possible that the 
above time frames will be, in other embodiments, con- 
siderably different, partk:ulariy if different animals are 
used or if other variables such as water temperature, 
feed rates, and hatchery densities are varied. 
[0057] Once the European carp fingeriings ate about 
120 mm in length, they are transported, in this embodi- 
ment by truck 21 , to a sewage treatment plant 22. In 
other embodiments, altemative means of transportation 
aroused. Moreover, in some embodiments, hatchery 20 
is adjacent to or part of plant 22 and, as such, minimal 
transportation is required. 

[0058] Plant 22 is pre-existing and is for the treatment 
of human sewage. The plant includes an initial process- 
ing complex 23 that effects removal of large solid mate- 
rial from the sewage that is feed into plant 22. This large 
solid material Is substantially organic and usually con- 
stitutes less than one percent of the volume of the sew- 
age. In this embodiment, where human waste is being 
processed, complex 23 passes 99.81% of the sewage 
received onto the next phase of treatment. 
[0059] Following this initial treatinent, the sewage is 
then passed into a pond system 24, whteh will be de- 
scribed in more detail below. The pond system includes 
many interiinked ponds that are about 1 to 1 .5 metres 
deep and whtoh have a combined total surface area of 
about... hectares. The sewage flows sequentially 
through system 24 prior to exiting at an outiet 25. The 
dwell time of the sewage in system 24 is about six to ten 
days. By the time the sewage reaches the outiet it is so 
treated as to be able to be released into the general en- 
vironment. In this cas , th sewag that progresses 
through outlet 25 is rel as d Into a body 26 of water. 
While in this embodiment body 26 is an ocean, in other 
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embodiments It is a rrver or other waterway, In some em- 
bodiments the outlet feeds into further settling ponds 
where the treated sewage resides prior to being re- 
leased into body 26. 

[0060] As best shown in Figure 4, system 24 includes 5 
four interconnected ponds 31 , 32, 33 and 34. Additional 
ponds are included in other embodiments. Each of the 
ponds is about 1 .2 metres deep and segmented by three 
parallel 1 .5 metre high walls 35. These walls arc made 
of a plurality of adjacent solid plastics panels that are io 
each about 4 metres in length. The panels are retained 
in the ponds by an array of poles (not shown), where 
each panel extends between two adjacent poles. 
[0061] Walls 35 define channels within each of the 
ponds through which the sewage flows. Additionally, the is 
walls provide a site for attechment of a plurality of nylon 
nets (not shown) that further segment the channels into 
a number of compartments for containing live fish. That 
Is, the nets are connected to two adjacent posts and ex- 
tend down the wall, across the bottom of the channel, 20 
and up the other wall. Use is made of nylon nets due to 
their durability and rot resistance. 
[0062] Sewage is delivered into pond 31 through a 
conduit 36, In some embodiments, this conduit includes 
a regulator for metering the flow of the sewage into the 
pond. 

[0063] Once in pond 31, the sewage progresses 
through the channels before passing through a conduit 
37 and into pond 32. A similar progression occurs with 
pond 32, 33 and 34 and associated conduits 38 and 39. so 
After the sewage moves through the channels of pond 
34 it leaves via outlet 25. 

[0064] The ponds are separated by intemriediate ac- 
cess roads 45. 

[0065] Each of the nets within the channels defines a 35 
maturation pond for the live fish that are delivered to 
plant 22. That is, upon delivery, a predetemiined quan- 
tity of fingeriings are released into one or more of the 
compartments. The apertures in the nets are such ais to 
minimise the risk of the fingeriings being able to move 40 
between adjacent compartments. 
[0066] For the European carp of the present embod- 
iment, the quantity of fingeriings that are released into 
each compartment is about 0.5 kg/m^. While there is 
considerable variation between compartments, typk^aL 45 
depth, length and width dimensions for a compartment 
in this embodiment are 1 .2 m x 4 m x 5 m. That is, such 
as compartment has a volume of about 24 m^ and, as 
such, about 12 kg of live animals are released into the 
compartment. At the time of release, the animals are so 
about 120 to 160 grams, which results in the compart- 
ment containing about 75 to 1 00 animals, 
[0067] With all the compartments so stocked with an- 
imals, the sewage is processed by those animals con- 
suming the solids and as well as the dissolved nutrients 55 
that are contained within th sewage. 
[0068] Europ an carp arc bottom feeders and ar pre- 
ferred as not only do they consume and othenvise proc- 



ess the solids and nutrients contained within the sewage 
itself, but they also stir the sediment contained on the 
bottom of the compartments to such an extent that it is 
retained In the flow of sewage through the pond system. 
This agitation and aeratton of the sewage also assists 
other subsidiary processing. Particularly, the processing 
of the sewage is facilitated by sunlight that impinges up- 
on the surface of the ponds. The agitation of the flow by 
the animals allows more of the water to be circulated 
through the upper levels of the ponds and thereby in- 
creases the unifomfiity of the treatment provided by the 
sunlight. 

[0069] Alternative embodiments make use of com- 
partments that have nete that keep the fish away from 
the bottom of the ponds. This need arises in some pond 
systems where the pond bottom is too easily disturised 
and, if the fish did have access to it, the sewage would 
be so muddied as to prevent suffbient sunlight from en- 
tering the sewage. The penetration of sunlight has the 
added advantage of encouraging algae growth, whtoh 
is also consumed by the fish. 

[0070] In some embodiments use is made of altema- 
tive species of animals. In further embodiments, use is 
made of a combination of species. For example, in ad- 
dition to the bottom feeding carp referred to above, 
some embodiments use mid line feeders such as Mora 
rainbow fish or black bream. Another example includes 
the use of top line feeders such as oriental carp or 
trench. It will be appreciated that the top line feeders 
need not be so robust, as the conditions in the upper 
level of the sewage will be far less severe than at the 
lower levels due to the action of the sunlight refen^ed to 
above. In the case of the animal, the sunl^ht Is advan- 
tageous as it also helps in killing pathogens in the sew- 
age. Accordingly, many more species of animal are ap- 
plicable in the upper levels. 

[0071] In some embodiments, each compartment in- 
cludes bottom feeders, mid line feeders and top feeders. 
[0072] After about three months following the release 
of the European carp Into the compartments In a tem- 
perate environment, those carp will have grown to an 
average size in the order of 200 to 250 mm. In colder 
environments and with lower concentrations of sewage 
the growth rates will be less. Additionally, other species 
of animal will have different growth rates. 
[0073] At this time, the animals are han^ested, in that 
they are removed from the compartments. In practice, 
this achieved by drawing together the top edges of the 
relevant net, and lifting it out of the pond, together with 
the entrapped animals. This net is then loaded onto a 
transport vehicle and taken to a warehouse 46 that is 
located adjacent to pond system 24. Access roads 45 
facilitate this transport step. 

[0074] Once the net has been removed from the rel- 
evant pond, a new net is secured to walls 35 and/or other 
securement points to redefine the respective compart- 
m nt. A fresh batch of fingeriings from hatchery 20 are 
then released into the redefined compartm nt. This 
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process of removal of the more mature animals and the 
subsequent release of the fingeiiings is respectively re- 
ferred to as harvesting and sowing. 
[0075] I n other embodiments, the net is draw together 
and removed from the compartment and immediately 
emptied Into a truck mounted bin or container. Thereaf- 
ter, the net is again secured to define the compartment 
and restocked with newfingerllngs, as described above. 
[0076] The rationale for han^estlng the animals from 
the compartments after three months Is because their 
growth rate is beginning to slow considerably. Accord- 
ingly, it is more beneficial - from both a sewage process- 
ing and an animal tonnage point of view - to have young- 
er animals replace the more mature animals. 
[0077] I n this embodiment the harvesting and sowing 
occurs on a rotation basis so that a continuous and se- 
quential process is instituted for system 24. However, in 
some embodiments, the growth rate of the animals is 
not uniform across all compartments and selective har- 
vesting Is used. For example, where different compart- 
ments contain different animals, different combinations 
of animals or different concentrations of animals. Non- 
uniform growth rates also occur where there Is an une- 
qual distribution of fresh sewage to the compartments. 
So, for the compartments in pond 34, the animals gen- 
erally experience a slower growth rate than the animals 
In pond 31 . Another factor that affects growth rates be- 
tween compartments Is the flows of the sewage through 
the ponds. In some cases there are hydrodynamic"dead 
zones" where the sewage is relatively stagnate and, as 
such, there are less solids and nutrients made available 
to the animals. In some embodiments use is made of 
baffles and other flow adjustment devices that are 
placed In the ponds to ensure that all compartments re- 
ceive the flow of sewage that Is required to affect the 
desire unifomriity of growth between the compartments. 
[0078] Once taken to warehouse 46, the carcasses of 
the harvested animals are centrally inspected. This in- 
spection includes weighing, samplingfor pathology test- 
ing, sorting, tagging and other data collection. Other 
quality control operations are also performed at this 
point. 

[0079] Those carcasses to be further processed are 
transported, in this case by a truck 47, to a fishmeal 
processing plant 48. Preferably, this transportation oc- 
curs as soon as practically possible after the harvesting 
and inspection of the animals. 
[0080] The carcasses are loaded onto a wire mesh 
conveyor (not shown) and passed through a heating 
system to kill any remaining pathogens in the animals. 
This heating also has the effect of drying the animals. 
The removal of fluids in this controlled way also allows 
the removal of heavy metals and other undesirable ma- 
terials and diseases that, if present, are contained pre- 
dominantiy within the flukjs of the animals. 
[0081] it Is typteal for the heating and drying to result 
in a 30 to 40% weight reduction from the carcass s pro- 
vided. 



[0082] It is preferred that use is made of a ''dry" proc- 
ess to better ensures the elimination of pathogens. 
[0083] After the heating process it is usual to conduct 
additional inspection of the animals. This includes a vis- 

s ual inspection as well as pathology testing for patho- 
gens, viruses or other undesired life fomris. 
[0084] The dried carcasses, in their entirety, are then 
cut or shredded Into thin pieces of about 1 cm^. In other 
embodiments, the shredding Is to a different size. 

10 [0085] The fish pieces include all the bone, gut, skin 
and flesh of the carcasses. In other embodiments, how- 
ever, one or more of these constituents are removed, 
although prior to the drying process. 
[0086] The pieces are combined with measured pro- 

15 portions of additives to form a fishmeal mix that is stock- 
piled in plant 48 until the moisture content of the mix is 
about 1 2% by weight. Usually this will take about two or 
tiiree days although, In some cases, two to three weeks 
is required. To assist the drying It is possible to period- 

20 k^iiy turn the stockpile. A less preferred alternative is 
to include within the mix an additive comprised of dry 
powder or sawdust. The longer time the mix is in the 
stockpile also allows a greater breakdown of the fish 
pieces. 

25 [0087] In other embodiments the target moisture con- 
tent of the mix is in the range of 1 0 to 1 5%. The selection 
of the target will be dependent upon the desired storage 
life of the product, as the less moist mix will keep longer. 
[0088] The additives that are Included within the mix 

30 are dependent upon the intended use of the resultant 
fishmeal. Examples of such additives include crushed 
cereal grains, powdered vitamins, powdered proteins 
(due to the loss of protein that occurs during the drying 
process), and dietary fibre or other roughage, In this em- 

35 bodlment, the resultant meal Is intended for feeding to 
other animals and, in partbular, to a specific species of 
fish. Accordingly, the additives are commonly, wheat, 
bariey & other heavy seed supplements, together with 
specif vitamin and minerals for the fish species. In oth- 

^ er embodiment, such as for pig feed, the additives are 
typically of similar categorisation, although In different 
proportion. It will be appreciated, from the teaching 
herein, that many other additives and combinations of 
additives are available. 

45 [0089] The stockpiled mix, once having the required 
moisture content, is extruded at high pressure through 
a die having a diameter of about 5 mm. Because of the 
low moisture content the extmded material forms into 
fishmeal pellets of varying size. If required, the pellets 

50 are graded for size. In other embodiments the pellets 
are passed through a set of rollers to provide greater 
uniformity of pellet size. 

[0090] In other embodiments different diameter dies 
are used. 

55 p)091] The pellets are packaged in bags, boxes or 
other containers and stored temporarily for transporta- 
tion to customers. 

P)092] As mention d above, in this embodiment, the 
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fishmeal pellets are Intended as feed for fish. By way of 
example, a customer having an aquacultural enterprise 
51 places an order for the desired pellets by way of tel- 
ephone 52 or computer 53 which is connected to the 
internet or other network. Where computer 53 Is used, s 
provision Is made for the customer to specify and par- 
ticular requirements or characteristics that the resultant 
pellets must have. This could include the inclusion of 
certain vitamins or protein content or otherwise. 
[0093] I n response to the order, the operator of plant 
48 determines if the existing stocks of additives 54 and 
55 are sufficient and, if so, commences production of 
the required pellets. Once so produced, the pellets are 
packaged and transported by truck 56 to enterprise 51 . 
[0094] Prior art fishmeal has traditionally only includ- 15 
ed the discards of the fish,"such as the scales and guts. 
As the fishmeal pellets of the present invention are 
formed from the whole carcass of the fish they are com- 
paratively high In protein content. 
[0095] In some embodiments, the harvested fish are 20 
for human consumption. Generally, such fish are top 
feeders and undergo additional testing following the har- 
vesting to provide greater assurance to the Intended 
consumers of their fitness for purpose. 
[0096] Accordingly, the three main applteations of the 25 
harvested fish in the preferred embodiments of the in- 
vention, as presently envisaged, are: 

1 . As a base ingredient in manufacturing aquacul- 
tural products; 

2. As a base ingredient in manufacturing agricultur- 
al products; and 

3. After appropriate quality testing, for human con- 
sumption. 

[0097] The use of the fish as a base for aquacultural 
products provides a quick growth, high protein meal. 
Moreover, the ease at which additives are accommodat- 
ed into the manufacturing process allows the customer 
to quickly and conveniently tailor the meal to the re- 
quired task. Similar comments apply to the use of the 
fish as a base ingredientfor agricultural products, as the 
requirements for pig feed will be substantially different 
to that of a soil fertiliser. 

[0098] The preferred embodiments of the Invention 
provide a systematic and environmentally sustainable 
means of treatment of sewage as well as a method of 
producing fishmeal in a cost effective and resource ef- 
fective manner. 

[0099] Although the Invention has been described 
with reference to a specif to example it will be appreciat- 
ed by those skilled in the art that it may be embodied in 
many other forms. 

[01 00] I n the present specification "comprise" means 
"includes or consists of and "comprising" means "in- 
cluding or consisting of". 

[0101] Th features disclosed in the foregoing de- 
scription, or the following claims, or the accompanying 



drawings, expressed in their specific forms or in terms 
of a means for periorming the disclosed function, or a 
method or process for attaining the disclosed result, as 
appropriate, may, separately, or in any combination of 
such features, be utilised for realising the invention in 
diverse fomns thereof. 



Claims 

1 . A method for treating sewage in a fluid, the meth- 
od including the steps of: 

locating the sewage and the fluid in a holding 
tank; 

releasing live fish into the holding tank; and 
allowing the fish to consume and otherwise 
process the sewage whereby a layer of sedi- 
ment is fomned in the tank including waste from 
the fish. 

2. A method according to claim 1 wherein the tank 
includes an overflow path and the method includes 
progresshrely providing the fluid containing the sew- 
age Into the tank so that fluid and/or sewage 

. progresses along the overflow path. 



introducing fluid into the sewage; 



3. A method according to claim 2 wherein the hold- 
ing tank is linked to a further tank and the method 

30 includes allowing the fluid and/or sewage that 
progresses along the overflow path to flow Into the 

further tank. 

4. A method accordingto claim 3 including releasing 
35 live fish Into the further tank. 

5. A method according to claim 1 including remov- 
ing the layer of sediment from the tank. 

40 6. A method according to claim 1 wherein the sew- 
age and fluid are located in a plurality of tanks con- 
taining respective fish, and wherein after a prede- 
termined period the fluid and any remaining sewage 
are removed from those tanks and placed in other 
^ tanks containing additional live fish. 

7. A sewage treatment system including a plurality 
of interiinked holding tanks for sequentially receiv- 
ing sewage or sewage containing additional fluid 
50 and for containing live fish to consume and other- 
wise process the sewage whereby a layer of sedi- 
ment is formed in the tank including waste from the 
fish. 

55 8. A method of producing fishmeal from sewage in- 
cluding: 
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locating the sewage and the fluid in a holding 
tanic; 

releasing live fish Into the tank; and 
allowing the fish to consume and otherwise 
process the sewage whereby a layer of fish- s 
meal Is f onned in a tank comprising waste f nDm 
the fish and/or the fish themselves. 
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9. A method for treating water containing sewage, 
the method Including: 

locating the water and sewage In a holding 
tank; 

releasing live fish into the holding tank; 
allowing the fish to consume and otherwise 
process the sewage whereby a layer of sedi- 
ment Is fonr^ed in the tank Including waste from 
the fish; 

removing the water from the tank. 

10. A method for producing fishmeal, the method 
including: 

locating sewage and a fluid in a holding tank; 
releasing live fish into the holding tank; 
allowing the fish to consume and otherwise 
process the sewage whereby a layer of sedi- 
ment is f omned In the tank including waste from 
the fish; and 

removing the fish from the tank and processing 
these to produce the fishmeal. 

11. A method for producing fishmeal, the method 
including: 

locating sewage and a fluid in a holding tank; 
releasing live fish into the holding tank; 
allowing the fish to consume and otherwise 
process the sewage whereby a layer of sedi- 
ment Is fonned in the tank including waste from 
the fish and the fish themselves; 
removing the layer from the tank and process- 
ing this to produce the fishmeal. 



12. A method according to claim 11 wherein the 45 
processing includes the step of adding grains to the 
fishmeal. 

14. A method for treating sewage, the method in- 
cluding: so 

directing the sewage into a holding tank; 
releasing live fish Into the holding tank to con- 
sume and othenvise process the sewage; and 
removing the fish from the tank. ss 

1 5. A m thod according to claim 1 4 wherein the fish 
ar removed from the tank at a predetermined pe- 



40 



riod after being released into the tank. 

16. A method according to claim 1 4 wherein the fish 
are removed from the tank when they are of a pre- 
determined siz or weight. 

17. A method according to claim 1 4 wherein the fish 
are released into the tank simultaneously and re- 
moved from the tank progressively. 

1 B. A method according to claim 1 5 wherein the fish 
are European carp and the predetermined period is 
either about two months or three months. 

19. A method according to claim 14 wherein the 
holding tank includes a plurality of sub-divisions 
through which the sewage is directed and the meth- 
od includes the steps of releasing live fish into each 
sub-division and subsequently harvesting the live 
fish from respective sub-divisions. 

20. A sewage treatment system including a plurality 
of Interlinked holding tanks for receh^ing sewage 
and for containing live fish to consume and other- 
wise process the sewage. 

21. A method of producing fishmeal from sewage 
including the steps of: 

directing the sewage Into a holding tank; 
releasing live fish into the tank; and 
allowing the fish to consume and otherwise 
process the sewage; 
removing the fish from the tank; 
processing the fish to provide the fishmeal. 

22. A method according to claim 21 wherein the 
step of removing of the fish from the tank occurs at 
a predetennlned period after their release into the 
tank. 

23. A method according to claim 21 wherein the 
processing of the fish includes: 

drying the fish to kill pathogens; 
segmenting the fish to fomn pieces of fish; 
combining the pieces of fish with additives to 
fonn a paste or powder; and 
extruding the paste to fomn pellets of fishmeal. 

24. A method according to claim 23 wherein the 
moisture content of the paste is in the range of about 
10% to 15% or the range of 11% to 13%. 

25. A method for treating water containing sewage, 
the method including: 

locating the water and sewage in a holding 
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tank; 

releasing live fish into the holding tank; 
allowing the fish to consume and otherwise 
process the sewage; and 
rennoving the water from the tank. s 
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